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Abstract
Random amplification of polymorphic DNA (RAPD) is widely used to detect polymorphisms in many organisms.
Individual (or strain) specific amplified bands are generated with single or pairs of primers in PCR reactions and can serve as
genetic markers. We have used this method to generate a large number of reproducible bands with single primers, random
and retroviral related, on 92 human DNA samples. Theoretically, RAPD PCR presents a logical approach for assessing
variability among individuals. We used ten retroviral related primers (12, 20 and 22 bp) and eight random primers (10 bp) to
assess individual differences in the context of testing the retroviral hypothesis for schizophrenia. Three pairs of discordant
monozygotic twins, four pairs of discordant full sibs and 53 schizophrenic individuals with 25 of their unrelated matched
controls were analyzed. Ten of these primers resulted in a total of approx. 850 amplified bands (65^110 bands per primer).
Almost all of these bands were identical among each individual analyzed. However, the results are inconclusive with respect
to the retroviral hypothesis for schizophrenia. The general lack of RAPD polymorphism in this study may argue for
mechanisms other than rearrangements such as inversions, associated with the evolution of the human genome. ß 1999
Elsevier Science B.V. All rights reserved.
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1. Introduction
Random ampli¢ed polymorphic DNA (RAPD) is
a PCR based approach that uses a single or a set of
oligonucleotide primers to amplify speci¢c fragments
of genomic DNA [1]. The primers between 10 and 34
bp in length ¢nd their complementary sites in the
genome and begin ampli¢cation of regions of DNA
with best matches, generating individual speci¢c
PCR bands. These bands are highly reproducible
under appropriate PCR conditions. The segments
of DNA that are ampli¢ed are often variable in
size among individuals or populations [2] with the
potential to serve as genetic markers [3]. Since this
method is based on the presence or absence of am-
pli¢ed bands, it has been used to assess genomic
DNA alterations including insertions, deletions, sub-
stitutions or inversions in di¡erent species [4]. The
most common use of RAPD involves detection of
di¡erences between strains and individuals in organ-
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isms such as bacteria [5], insects [6], mice [7], dogs [8]
and a variety of agriculturally important species
[9,10]. Although these studies argue for the potential
of RAPD as a source of reliable genetic markers in
diverse organisms, reports of RAPD on human
DNA are relatively rare [11,12]. The use of RAPD
in studies on humans has not been fully exploited
and remains to be achieved [13].
We attempted to use this approach to assess di¡er-
ences between genomes of schizophrenic individuals
and their matched controls in an attempt to assess
the retroviral hypothesis for this complex disease
[14,15]. It hypothesizes that a retroviral sequence in-
tegrated into the genome, either inherited from an
a¡ected or predisposed parent or acquired sometime
during fetal development by genetic rearrangements,
could manifest into the disease later in life. Speci¢-
cally, we were interested in assessing genomic DNA
ampli¢ed from monozygotic twins discordant for
schizophrenia. Retroviral related sequences represent
a signi¢cant proportion of human DNA [16], most of
which were incorporated over the last 100 000 years
of evolution and now represent a stable component
of this genome [17]. Some other sequences, however,
may still retain the ability to transpose and cause
insertional mutagenesis, as apparent from cases of
genetic diseases such as hemophilia A [18], neuro¢-
bromatosis [19], Huntington’s disease [20] etc. An
analogous theory for schizophrenia appears logical.
It was hypothesized that it may be possible to detect
a retroviral related transposition using speci¢c prim-
ers for RAPD PCR on suitably matched pairs of
genomic DNA.
We scanned the genomes of schizophrenic individ-
uals and their matched controls by RAPD PCR.
Various primer sets were used, some of which spe-
ci¢cally amplify retroviral polymerase related se-
quences, common to all retroviruses, as well as a
set of random primers. The RAPD approach en-
abled us to produce a large number of reproducible
bands; however, it did not yield polymorphic bands.
Here we report our results on 92 individuals, includ-
ing a total of 78 schizophrenic patients and unre-
lated matched controls, four pairs of discordant sib-
lings and three pairs of monozygotic twins
discordant for schizophrenia. The results are dis-
cussed in the context of the human genome and its
retroviral heritage.
Table 1
Nucleotide sequences of the primers used and the number of reproducible RAPD PCR bands generated by each primer from 92 hu-
man genomic DNA samples
Primers Sequences Mg. conc. (mM) Bands observed
1 5P-CCAAGCTTRTCRTCCATRTA-3P 1.5 81
2 5P-CCAAGCTTGTNYTNCCNCARGG-3P 1.5 72
3a 5P-ATCATCCATATA-3P ^ ^
4a 5P-GTCATCCATATA-3P ^ ^
5a 5P-ATCGTCCATATA-3P ^ ^
6a 5P-ATCATCCATGTA-3P ^ ^
7 5P-GTCGTCCATGTA-3P 1.5 88
8 5P-ATCGTCCATGTA-3P 1.5 65
9 5P-GTCATCCATGTA-3P 1.5 97
10 5P-GTCGTCCATATA-3P 1.5 76
11a 5P-AGCCAGCGAA-3P ^ ^
12a 5P-GACCGCTTGT-3P ^ ^
13 5P-AGGTGACCGT-3P 2.5 74
14a 5P-GGTACTCCAC-3P ^ ^
15 5P-GTTGCGATCC-3P 2.5 88
16a 5P-GCAATCGATG-3P ^ ^
17 5P-GGATTGTGCG-3P 4 110
5P-CGTGGCAATA-3P 1.5 99
Total 850
Primers 1^10 are related to the pol gene of retroviruses and 11^18 are random sequences.
aNo bands observed.
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2. Materials and methods
The assessment of retroviral related sequences in
genomic DNA was carried out with PCR primers
speci¢c to the reverse transcriptase (RT) polymerase
gene [21] common to all known retroviruses as well
as a set of random primers. When used together in a
PCR reaction using human DNA, the retroviral spe-
ci¢c primers (1 and 2 in Table 1) generate a prom-
inent band of approx. 133 bp, with a few minor
bands. However, when used individually, these
primers generate a much larger number of bands.
Such bands would have the potential to represent
an uncharacterized source of individual variation,
with the ability to identify novel transpositions.
PCR conditions for each primer (Table 1) were
established. Each of the 92 human genomic DNA
samples were ampli¢ed in the presence of [K-35S]-
dATP (10 mCi/ml, Amersham) in a Perkin-Elmer
Cetus Thermocycler using an initial denaturation at
95‡C for 5 min followed by three cycles of 94‡C for
1 min, 37‡C for 2 min and 72‡C for 5 min, seven
cycles of 94‡C for 1 min, 37‡C for 1 min and 72‡C
for 5 min and 35 cycles of 94‡C for 30 s, 55‡C for
1 min and 72‡C for 1 min. A 5 min extension period
at 72‡C followed the cycles and the samples were
stored at 4‡C until analyzed. The radiolabeled PCR
products were run on 6% polyacrylamide (8 M urea)
sequencing gels. After electrophoresis, the gel was
blotted on 3M paper (Bio-Rad) and dried at 80‡C
for 2 h. X-Ray ¢lm (Kodak BioMax) was placed
next to the dried gel in a cassette, exposed for 72 h
at room temperature and processed with GBX devel-
oper and ¢xer.
3. Results and discussion
Most RAPD products have been detected using
ethidium bromide stained agarose gels [1^3,8,13].
We incorporated a radionucleotide in the PCR reac-
tions and separated the products on polyacrylamide
sequencing gels for better resolution. This would al-
low detection of di¡erences in bands (if present)
among individuals.
This report covers 18 di¡erent primers (Table 1)
and 92 genomic DNA samples as templates. Ten of
these primers yielded between 48 and 110 bands, that
are highly reproducible (Fig. 1). PCR products from
the same DNA samples (and from di¡erent isolations
[22] of DNA samples from the same individual) am-
pli¢ed at di¡erent times, generate identical and a
reproducible pattern of bands. Some of the primers
had single nucleotide changes in their sequences. This
permitted identi¢cation of speci¢c band(s) within the
RAPD products (patterns with primer 7 versus prim-
er 8, for example). In total we were able to generate
approx. 850 di¡erent bands, the banding pattern
with a particular primer being almost identical in
every individual analyzed. A single band was found
to di¡er among individuals and thus considered pol-
ymorphic. This rare polymorphism was present in
30% of the individuals analyzed, both schizophrenic
individuals and their matched controls. The distribu-
tion of this band is not signi¢cantly di¡erent by stat-
istical comparisons between schizophrenic and con-
trol individuals and Caucasian and Dogrib Indian
samples [23].
Fig. 1. Representative region of a £uorogram generated by sep-
aration of 35S labeled RAPD PCR products from a pair of hu-
man genomic DNA samples with the primer numbers marked
on top (see Table 1). Primer speci¢c banding patterns were gen-
erated, with no di¡erence among 92 individuals.
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The lack of variations in the single primer based
RAPD patterns assessed on 92 individuals with a set
of degenerate or speci¢c retroviral related primers
suggests that all or most human genomic DNA are
relatively stable with respect to such sequences. A
similar conclusion is drawn from the PCR results
with the random primers. These results are very dif-
ferent from those reported on other organisms, par-
ticularly plants, where RAPD polymorphisms are the
rule rather than the exception. A general lack of
RAPD polymorphisms observed in these experiments
is not due to a lack of primer complementation. It is
unlikely that the size of the fragments generated by
PCR are shorter than the range of polymorphic re-
gions. It is suggested that the mechanism of evolu-
tion of the human genome may di¡er signi¢cantly
from that of other genomes, such as plants. Speci¢-
cally, rearrangement events such as inversion hetero-
zygotes are probably not tolerated in humans and
hence single primers of retroviral origin or random
sequences would not detect di¡erences that are still
maintained in the natural population.
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